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(57) ABSTRACT

A semiconductor device comprises: a semiconductor layer
of a first conductivity type; a pair of base regions of a second
conductivity type selectively provided on a surface of the
semiconductor layer; and source regions of a first conduc-
fivity type, each of the source regions being selectively
provided on a surface of each of the base regions. The
semiconductor device further comprises an electrical field
reducing region of a second conductivity type selectively
provided on the surface of the semiconductor layer between
the pair of the base regions; a gate insulating film provided
on the surface of the base regions; a pair of gate electrodes
provided on the gate insulating film, each of the gate
clectrodes being provided on the surface of the base regions
between the source region and the electrical field reducing
region; and a source electrode connected to the source
regions. The electrical field reducing region 1s 1solated from
both of the gate electrode and the source electrode.

13 14

Source

Drain



Patent Application Publication Dec. 25, 2003 Sheet 1 of 15 US 2003/0235942 Al

13 14




Dec. 25, 2003 Sheet 2 of 15 US 2003/0235942 Al

Patent Application Publication

pamd il 10
"EITELA N L

g vk ppr-ae AR RS
FE 1 .I-il-ll-.r.. st wimd

pragk 44 PART
PRI Ll asdnr wapd 2N

T T E L amd g o

1
[ ELLY N

i r.r't'
[N .

- a
Fa
[T R

PR
POy

. BE LI Bl LR
Ermui T LY ._.l_-..-.-in

gl 4 N s T

b b hgpldr | 4@ Felw-
e EEn 'T I ] |

TR ERINER. B L ami=u 1
f amlg] 14 ¥ 4 Iy r

Ik imn
TFIRLENE L

ad kol HEE 94 TN
TR EL L Y 2L Bl

i F R yEE R [ L

"R ] (1 | KR L LI ]

T AR Lol
T = L LN B ]

w poplie, 401 T LI

yma B BT

L EIERL LEANE R LE
pms kg aFn

amn amd+ 4

LR o B
T IE TR L) FRimy

s« 1gamrn b
F .-.-..lLl_l.._. ami ¥

e W e pumbk Ik ¢ N

tmbi A"
I -III-:I_-I-.J_-...L..rL..-.IIi

1 A FmbkW§

4E HEE NI A E PR
T IR L L]l B

Em WF e

TR R N EL LA el
-y amy 14 Emmmprdeid Fr AN

p "N e & B1
b (JdN A0 T IFER

i b i ImbEE T TERLE R

ymh gl 1 EFQ imjpE Y A
- { Fr il B=p Lo oy e | G b AT E
TR TR L L

b W qupm B B 1 %F
g euek amr 81 agell warl T EL LR LA

FYE'Y -'1.--_.- alkdE-

amwmd b bt il kL
g amew A nmn el b 1
ey wilkd Bm pmg BF lmd+ 1am e B OIW
ades vp bobd ammt B
Ikl =E T LR R ]

[ Lol Bl i e i
roroany H ) 4R W

“l.l.. [ AL
&k Fmmh b

e sdras muied J2 kR
squema BN 1 i el - AR
g pmumy s ¥} T L Il
ey 1y N
e -
v He W | WA @eurEE
Spmm B da pegEpl g

I N RE L L H AN
[T R _.r...l.._-.._.i._l...-.r._
T LI R a1 bt b 1 MEE
b il | W ik
me by +EEA M MR

pomm o p pubiede] = E R L AN ]

ale

L]
w1 1] Rl AP
FYR RN A L
1w b kPA

peiemy jarmameminy &1
b hmen B B FE @R

'-l.l-l
X LN L s =
por e e b
FEL R R "TILILEE L.

.I!l- TEREIEENN
L i1 L ah ol mgma 9
Y ELR LR tpsmami du M

TRIE . LKL gl T4 B |

mrmamy 71 vu AL 01

mra B ¢ Fulh
TR ] -l.-.I-.._I L]

[ ]
wiwemn I (N L | L L e ey Ak mh s A EemiSsnd ul
T TR LLLEL LR - ay rmy o nmey vawrm=Adb A pa gBim B

-
<
)
b

-
o
-
L |
it
-
|
i
.-_

[ Ty "

T S N N LE L walnk
w womn b mom Rl 41 0N
g BN Y
L I B § O R T I L1 J

I ParY R iW MeE

[ T J| -.i_-l_.- s Bp ool R
gyl Bk 1A mamy i o

apd vl

g gma ring puowi

YT TREL B L
u

P oawk p e b ey b dmmn EA
Y ELYY 1] 4
Wi B jEE
mt aplad ol BB

A A ATy === 14 el B ey T R L
gYEy r 8wk ar jmpme & JwFE
R ;L LR ol
FET* smumn ul

ol g h1 1WEI [ L |

aws 1y my 4wl

1 muly W+
[ TR FE LN | il mibd @i}
. ]

rwmimd B PmpmE |

1 a T IEIELLE L L
el - s U0 B wEE RN sl tpp v v a
(g whedomn | iw FgRF} -yt

p "meiF bR
-y nr IHE
ypumrbel VB
e T ) KL
gmi-pfme At 4

T F
gump i vl i B

s TN N itk
ety R Y R R i

TLE.EL LR A o -n
A i EeR bR sEy
-.!-_l.-llnl_—-'_

g T oeied & W=

LY g b e e b FlRE
g g B b0 R PN AT

L' | T1EL 1 L
I..l-..l..-.l_. nom b @k

4
Fw] Wl AW ke T4 el burd

b 3 Wi v o
ambal bd gk PN p AN

By mand i 7ieled HY
(N hEE Rt =l

el udi] WAE 1D NN [ ol |
aw wa ows pomalkf R

ageh B oyl ) v R
&g i nwis nmp d1 1% He @ m=yp

1) ey s ¥ O E R ]

mu B 1 reied B il FA
T arN TN

el ## 1umd R AR
o S 'l.vl._.'.-.llli.lr

camrms I ma pinll®E {
_-__l...__-..l_l_l-..__rl;.__l_. | -

wa I~ I™F "
pH [T 1. 1 Rl A ok el i
el mg oo gl Wir®
g pem B 1N kel BN

LY LA
'YET . RLE AR LN,
| LI ] TYTEL 1L N AL b

ol T AR
Ak "t R




Patent Application Publication Dec. 25, 2003 Sheet 3 of 15 US 2003/0235942 A1l

14 13 24

| Drain



Patent Application Publication Dec. 25, 2003 Sheet 4 of 15 US 2003/0235942 Al

28 13 14

Source




Patent Application Publication Dec. 25, 2003 Sheet 5 of 15 US 2003/0235942 A1l




I amIEE amrrm

._,_

US 2003/0235942 Al

gy p ot sk [N Ay W A A EEE T AW g g park sl RE JEE A TR . BRI ELE L Ah il Enkm ek - FmFm S P AW En A
FE: X pogg P b pddah Sd | =l Ry B A e Bl Bind UOFE wegeat pd fE T plwrd gy e el dR P R rwdninemtynmr ba an lembhymi g

wwd i e (B fo g dmrnn e A1 Suld Ny Ee p yuleg 1N Rt He pua PEH BT Fat am e amedm e d I dawkmas bR IERIE N W ITNTH " AR
e amd p gt pil B m el EwiEm) wr Al Jia gl 'R R s et Bl VR E el ml ekl i baFE By peeia 1S vins al ap M BF r-gad i RS
Y EYEETIT ORI CREIEER Y RN LI R apiy i gk Py pwy md poly dBA EE-2 EER s Ann ol ward ot o gl oad " pm g FrhEa BF o ERA R

A T L L L
warama iv+m H i AT Pyl FR N WL
-1‘...'-;-'.-"'._. Al Pl Bt WA
ey pll A F+ W Pi=¥akt & FFmE TR REN" 1 "3 ]
PR B PR R I L et p b

ST IR TRER |

b wmedms woaad o BB TITES 1LT Il

IR I L A g tumin vk B
TR | el el Bl e fagp gl AW i mr B

el &R amml ma em gy O WS P

T FE IR R LN LR el e
THEEELE B LEE LR RE L
'L X LK

Bl #0 F o @ my priud B B4 s Bs 2w oew ovary pu DO Bemd b b kR vl gord BB
I TE R LAREL IR EL LR wy mir b i d BI {mpmuiny b BeEE A ) NI ar Fapll by g R oEE
T 1] ..l.-_..-._-_lnllal-l_....._.._-l.- L B B oagBod Bp #0 mguE mF +li ol Fp PER R mams -l e - rErE s =E ]
e I T LN L L L L o Foiyngyiuipity SR Y TR T L Bty wag HF PR B ImEEEE s@F- Il R
wamddd @ B I8 IR W 41y p U pp i m s e ey FEE 44 memm m | pom kA PN na W EEE AR meg BE) IR iEenr |

m b7 HEE
l!.‘.

ieermil

[ N ]

0

2

dp b limE F W

e kb | VE A e Er bd HE dmy e ph o 2 g §TEAE youll 9 #add BF tmE-uE uk tmmern @1 tws bn amy clmu ua pn i)
woam e ey w1 i mhied b B e G g A R e eaF wgd s | FE % 0 pmn ik Py PRI

smd band § #HF Ly ;opran Fh b M i mjRigsr a1l
e ma fl ami » IR I BRI TR R LAY Ll L Bk bp BU PP sk by FERE AR ok bk

(" I RY ERL TN Ray Lo o T T TR NI R ERL R LR
P T R R R L + m dedde

e LY I B LR LA il =
h IENE ER e H iRy

(B mE ] PEY S A bF il HEF PR R [ O sme I Wy b s b M
[ I [ N ]

Py TR R o LILEE bkl g temmf cmeay L AW R RS B pE R TR by AW AR TR
i u

Y TRE L LR LI it Lol il
ol Wkt -I_-._I.l.l-_lnl.ﬁlt-.- f..-l-ll...li I iR
4 ba parmml JEE] B4 b Wk A R R R R L LR
gmf i 1% pmpn s emdimell U F ph mE-E sm Bd-mkdd b o
ITEL. EIRELLIRL IR L LI L hf Ot i hmiw mF )
amly pi I ETEr pouoademE N E Dk A wr Bl R F A d BB

et e bk dd S0 npd wh bl ) AE B R .I-I' =1 ja Smrwidn
e R ok bl fy mimy am mumd o g

T TE "R T R I I L FEE R AN EEL Ll Rl

japm mil b A R A e | T Y R RS oot gy mparml bl Ry A% Pdw ) 1f pl gp § A TmE Q0w Tl i A W s SRR

1o i nmpirh da k= g W g Rl B .i-l--&!_. A 4 Wi W+ Am mdum ) (W A g e R AR A makn nla n s Bt Al e bk
Nout DM Y] 44 pel pd TR MRS im P R Y TR L L AL E LY

ramem s gt 1 D= e e g -, el igpmmd b | B
4 IR j "F ¢ ve=n riim TRETTREINIENT NIRRT 1L RE N R b "I B R LAE N L L UL i 44 F 40 BERE PR gl =1 [WF Wy R E

A
(e )
LW I
(xS
5
)
]
e

Dec. 25, 2003 Sheet 6 of 15

Patent Application Publication
FIG.8A

Hl‘ﬂ‘-ll =4

i e T Y R L o DL R L s P Y L LY mors b d Bk 8§ ¥ BEREY -*l.n-!.l.-.&..—.-iinln__I.I...-_-.l. .ll
apialiaiiiy T I I Ll I TEIER . LI R e IR S 1 d dEr bmd Sl b LA vn B g 8
rt W n=l o b e srmu B AN g Rl FE M

whw o rEd bk g s omr bt P bk W B PE T ERREY LI LR b

YR T LIFLLTEIIER LR B L bkl - b - impmw smu vt pwt bk ) e} imi foprprereeg ey T TREN TR N B Bl ey A L R R R

Pk d by v s me sded A [ mrkn el v gy =0 b e pE .._.i-l.-.:.__-._._._.-...:___._-_u_-lu..:._...-.-.:_.._._...-l--....l...f-__-.. MBI tEmmd By b b N Ty b AR

I XL IRE LEEE LR LR B L Bl e et L S Bt Rk r o Pnd dm b AR gl | guen @ B W aEE T YR I TE LT TN R o Ll Tl e g e TR
T NI 1L

—m o A m s ram mma m o aligd ¥

Bl B Wbk f pumt EFF AN ik i kil FETEITE INY L LA ] TR RRIBEL 1. NIRRT E b ¥l -

amr B HEY [® Aoy tno boys W1 1 rha = ams AW e it @ B WA ErEt mu BF U f R e e R B LS e ak AE W -l g 1 P e B RS
b s Abme man b iy g s vkl W ET RN LU L AL I ETEEIRLE. Y AN LT ol L T ETIL IR LN [T RNl I Y TE CNLR LR R L L L pagla v | W
b Ay ga rwaalms ol bud ) 18 nlia P PN R L LR LR LR Ll ol o bl B mn gk wmhn kA0 N LR AR WE CTRTE A b b aef T By v R R el
mk voiw v i==f JII N NN g EI TR LK B TX X EY XL _ ] JI -l.-l:l..l..l-...._-__....r- ._._l.,.....l:__l.-_.-.Ill..-l.-.i.l.l__..l.-.l.- sesmumb Fat ERILELLEER  BEN N ey R YRR D N E L

- mig pdgh Bu N b g B e md sl B et pn mmy fopd D ek ® Bmy Heml 40 bmaEt apprtm i ardul Ay ERimE
ey _EF L LR L N FIRL IRl rmml ARl P d P e im ) nm oy by Bd
gy amn mamnws Pdy 108 B8 Bpd ek

L
Pl AW am pmugd AF 14 imakw TS IR

g IEf ik anera-iii TRLIC AN 8L | TEY (LTI N L R L
EmE e el sl s g ik ppip§ Iy R TR EA LH BN RS
T wkoel A% 0 P o ERRE LR LI

e s Hds g I g ks Rl B
i owrwy B} P mr 1 A T oIl R LR b L Iy ITE YT R _J
=l B g i EEALE TTIL RARIEL 2SN N ., LINI] rmy s wld B W

A rmd vpamk ta o rmr wid FEEoeE - L2 pEramr s FET T T E LI RLLEER . DL L e w1 =
mem g gukp P IS mEmr b pled bR AR S e mw s o i BE T TYEY TR _BILLE -..l-.._._.l._.__-_..l-.ll_-:.....__-l.._l..-.l.-t.
.I..-_.__lun.._..-l.-.l.-._.l*r...l.__l_.ll_

mael Gk 41 = dn B B Bmpmd b oar Fn
TR CEIY RN R L T FFLr]]
wumk g g x Do il % W g il g bl PRl "

« rgpn makem mpe b b AL tmi T E1hd B iy ot Dl Ed BR | A T I rI N LAL

TEEE I Y LI LR I L e okl At WREE e T TR LN L L LI e T tRE LE Dl B dwe rwy
m remae iy P dm kWA Fwms amw Ford g A e amm+ae gk ®0 | gy nm imiwn Bk ITHLL EJR RN N L AR Ll o rumll ool B AW
s 4 NN AW s um b ab bbb el s Bl R YR b LR LI LI L B e A b mmEr fgealeh b pa e d mh N g LI it

TN RETE Y - TLE LEL L L R il ap b laek AW ANy s B AR e LI LU L il W PEsEE

TETELLILILL T YY" T P RL LLREE N | pwawps dm | Dm0 KW
TR Y e B i el 1y rskmnks Tdm R TR . LAY
em gl R b by ym g g AR oy R MR

(T
.-.1.....1!..__. prld tald Wl i R E Ny B M esinh HEAR the g mw B md

tme el 4 B o ams on vl PR PN AW TR A BTN A

phagdy = % AR wmka £ i Blnl BW | +E -‘l-*J.:-..ﬂ.- TI Il INiE " ] ). L LN N
TR TE R INL Y L DR L Ll promE Gde by Bl BE 0 e m wolim k¢ vl da 50N nEmP brf B (h gy =r In & i) |0 pemn i R

P gy g bn BN S v E e me il AR I P T TRE LT IRTHE LR 1L GE P a ey U AN B A d ead w - -y

gr bma ey g B 0| 4 e
-_-.l.-__v___-.._....__..__L_-...-_.-::.l!l.-l.l..-..i..-+ll.—.tl.. Sk bl A F pE ek Ak by R EEE) iy emrwd 1B

mumt B igpe = md e eemt= M LR [ BT LN
grpait swmabm Bu B | 4R T 1L I N " BNL L .__l.‘.-_l.._lvl..l.tn.li PR .




Dec. 25, 2003 Sheet 7 of 15 US 2003/0235942 Al

Patent Application Publication

o e ol

h_“.““.haa.. .
e S

Y

i1 r
- n's
1D
L] 1
ER N - an,
d.1 "
L ] .

L)

 oam ok T AT el ard B REARER
mr id MR Ee s bRy el 1 EE mk Wl
rpmimy ( pprmedi ob smbel it = FEEFE
e e T B R e LN il
"R TELELN]L I [y T ] K] oy~ rememE b E

poomn Bas IR Sy A=t iWE b ma U E R AT LT Y TR T smirry = rEEa el Bk ..l.._l.-._.._..-.l.-;_-_l_..-_
gaws b aged vm ki 45 F [T T R L L

LEN | -...ll.l.l.l..llrfl-'.l—-l-ll. (S ET I o K LI

L S EF THLE L imr gMEsWp | = e wa § B Lt L L ] i B E JRE R bl | PR v oy

- P T Y L L gpaal uf d "W R wea [RLL -l.l.l'.il"...l;.il.i...— g bawp nd moamie -ukdn b Enh frew TFE LN L N
A TR E T EL T Al EFL L W amame ¢ N gy rBEF P} P TANT TN LN el

rmim p g anm 30 ri Y

' k-1 E [ ppa sV EREJ EpEr I E1™
g hlpd n gms immoawh b D FE TITILTE N el
wh dmir s damd BRI N ...I-..-..-l._,u-._-_..:!__. " ra g
1 e 8 AR -k o m gakj i=-F ¢
Y TE e 11 L B [ ] - - » - D rww = s same m Akl B P AR W ew v ol 1 BN FAmEm 'TH | prims A gk in M -k R PR T INEL L L]
n

——— g
I-.-:-_.-_l_-._.l.i_-tl._.-.1.!-:1_-_-_....-_ FE TN | s ap=d IniRR g bh P pmema ma s i ma sunr ng i r! .l.lrl.lIl-I.Il.-.l!.il-..-l

- Al dEmp 1 all
pgre mr | TR B S umimind L ame my =0~ YT R
L Fmd B FmmeE rep-n il Jwh 09

TR L L Im i Hed Pl M

pmaa rmd il 10 PR vl 'T IRl L AR
peu gr imw el wih BERE N1 4 wel gk EE W

ana B pb =0 &1 YL R AL
s 11 imanh thpd AR TR IRINELE I LI ST LESN
pea el s | F) 8 uk A pE (s Ty Ny l) R rtamrhi + "™

L]

mgalhs 41 R R kg BE AN rmi *R¥ 1A

gt i G Bm gl p 4 paRrArEt -.J_Jui.l...lh._...-_._..... -F.-_-.-__-_l-_l_-_lll:_.l.-_-.l.l.._lr.._-.l.- b T T LD =0 pEp s
. LI I T R TR LE L L nauinss u =

same lSUmag t1mBlak]luE ng v ame ] " AF A A

W i mm
.-l--lll...-l_.-.___l_-_..l.-.-u_.-l- FEATI Y g ey . b p Il = I B rmemim il MW
pt amraliy Wl prras & Fwd N

TRl IEIN B K rpm oy wir 1 al TS S TR N _N L
Y TE TR INE R L N e i ot o o vk o B E Ak A -0 P SRR il + B g %= 1% geem = ia R FEES a vl W
I N M LRI R LN N L L ap v ek b8 Br

L EREE. TR I

Bemaal b § P E R i vma smmant b

dihE tay W SEat &4 TP ek
] 4? +mm amE i pund e owe bbb IA TILIL)

AL T T R Y R L L L} B
am g dwml W s JEN) WD imme

Bl HERE FI %
sy -k folf s m dhaling § T [T T B O R L

s wa ma bL Bl FEE P TIEEELE L T L b ) rmgerwrpk ™l g Pedt ind
T me ) v NE A AN N A Ry B o WA R s wr o+ B AR

-.'_ -l..l.-____._ e 01 i P ¥ pm ey ™k
-I-.I.-_--.Tl..l....lm tmB giwasmi 0+ pmb | Lo | BA-hB ST T L LN LRt il

FreT 1 R LR vug a B YTY TR THTHN R
Bl memm omy W bl LA EERY ol L L
TR L IO N Ll laky P s AW YRR W
paomd s b ury 0 PR tEE e ey ok

—r-m P PEEEt A g wamd dm b3 AF F AR "

T A E L eI YR L L

smdo j dnkEE F T -+ - da
g a=R ey v mde i B B A=
i e TR E L LN L

.._.-_'..il.._._.-._-_rf__._-_-_-itllll- Ay HF A F p imEEEE A
a i Em ey plged g rRT P Pefaml Fd dulemy Rt e b eh =w-m o wlell AR FR EE I EE TE N s BN N . o L
- am B i merm i Ty RN ] FIL IR IR E L il rphnispg i0F am okl ok =EFEEI] TIR BREBL 4
-IIII-_...i.l.l.I..

T ET IR L IE N AL ymlagd IR PR E
g bk 1 waka kwy BA N W % r@EgpEt ik "
e s g popllm TR TITHERE I LE b LR L
ans BB Thn Em iy & i ARy R e
e pa g @ ®=i{EF f=—" "I LB _LEE } TErFEd IR L

& [ N N man T - a ¥
v 4k i vl ] ) L 8 _.-l..I-'r._:.___-.!..l...-.-_.ll_-.__ (1

T TR B R LN L1 Rl Bk rEa=n =

gt T Y FY SRR L 8 L

-

. . ] .-_-.--__.Il L
L ] . ' - - S "mr e
a'm, e - ﬂ.....q.l. n

T |

L

Rorie

._”.-i..'.il

vm Nl




Patent Application Publication Dec. 25, 2003 Sheet 8 of 15 US 2003/0235942 A1l

13 14

Source

12




Patent Application Publication Dec. 25, 2003 Sheet 9 of 15 US 2003/0235942 A1l




0 "o

g L & ¢+ + B O F
T .

& i @ W
s 1 * ¢ 1 = W % =

- b Mg = r 5 1

]
B4 % ™ B o o B

4
-

US 2003/0235942 Al
6C

4 & &
T s = e P = % = o= i o om ¥
._.l...-_l._ ._.._l._-_ll-.-.il.
[ .._--.__..._...I_Il__.._l___
= oh B .l_ll..l.ii.r--ll‘-
4 4 +____-_-._III_-..I-.- l__.-
s r ¥ ]
- L I I
o - B
| I | .-1-.
A 1 W = &
. “ 4 1 B 0
- o - |
r - -I._Il. a B 4
m + B 5 B
[ - 1 B =
i a4
! s B B o
L] ' I |
-I.—.I a ma im
| B |
l_-l l-.il
1
I-I -I_._l '. _._I...l_-l
- - 1 | I T
-.l + n B - s 0 1
- - e s b1 ] ﬁ.-.l-
iy - * & - - k
[ - "B B . s = B
* L - 1 | ] - 1 0
p 1 LI | . - . -..-'
" -....-_ - | . .__-.--
] u |
--.l L -If i —I-..
" | = - = = B v
. mEF PO L] 4
I + A =T .I.___._
- a bk A aty .
| T | * 1 - = al
. e a b [ | [ T
L | [ B i D
: e - L | a & B
- n P B W -lllI.-l.
| T ] «» mn b 0 B W & ¥
L .-.l.l._._.-_-_-.._-l-_-.l.-.-...-_.___-_._l
.-_'I.._,,I_-_.__.__-ill_____.l.l-

..__...._l_._._-_._..........I.._-.._..ll._.-.p-l.-ll
L] .l.._..._l.l.llI.I.-nh
_ll__.-..-.l_il..

-

i @ II.__.-.._I.I._-_..-.I___-
4 il mg s m e e w1+ = = F®ow ¥
1
- + & = F ¢ 1 ¥

e .
" . -+ A &k A [ | . | I |
- . P . -...-.-.-_.._._._Il_.__.._____.l.ll-._..-_-._....... = f b ¥
* b _-ril_.-Ili_-_liln-.__._-rl-__..-..-_.I_.__--q
- b - . A A P D L T t 4 %+ @ m & & ¥ -____-_-...__.__-I-,. L i S . oy
L] g . A = w5 = a &% @ & B ® = F B W s ¥ a = = B
b |+- - .l--r--.l.--l_ T . + 8 ® m = b # m e _-I_-_- e I p om0 4o s B F a4 * v+ & F R g -
L r » @& B
- & ¥
r
[ ]
= ] - .
] - =
n L] .
] . " . .
_ _ ._

—
1|m
O
I_
£

Dec. 25, 2003 Sheet 10 of 15

n " ’
.I_'~ll-|-l_..l-' I.II-_.-_'.-lr-.IlII'.-.-.-nl
._-..l.l_*.__.ar.-...l-.-._._lll.i___
. = b 1 .l.__l..._-..l.-___l_l....._.!.--.l
« + a = 0 1 .-.-.l......-.-......l-....
x = kI m F - - « x + B
w 1+ a B BN ']
M = i & = @ W PRI B
- B | I B
a1 bk
. " & =
- .
i II'. -'.-
‘ - & .-...__-.-_
P . E -
. . d PR B
-l_r.- ..- - .
L . . _.l_._u.-
. . s - Ea
4lt.._ 1 w "N
-,
.-_' . L] I-l..-.-
o Lm - - -
- a I_Il. ._- 4 0
l..-_ui. I = + l".i
-
[-i-r -. -l'- 't -'..-.
A & & - ® 1 e
- * u ¥ L3 ‘m T
¢ = oo .k ! o
1l!-l L | ' .—-.r-.-
I-.-' A = =
+ & i ‘e
.. A - =
= v "
T R
m & 4
m'n &
P a4
- m T
k41!
- -
p 1w
-
P " W
5 @
"
[ I |
g = B
4 a - = &
. ! i_l.l.-._..l.ll-li"l‘.r.'-' .
= b & _-I_Il._..-hi_._-_-.-.l__..r.-.-l.l- 4 = o k
il | + = = 0@
a = ¥ & & F 4
[ B I | a r"w
 a % W g+ 44
= v a B ' 4w
= P oA o= = F b =
[ I T ] = 1 %
‘ moa b s F ¥
- a ¥ - % ¥ ¥
B o= kb & = + P
- 5 01 .-_-___l_-_

Patent Application Publication



Patent Application Publication Dec. 25, 2003 Sheet 11 of 15 US 2003/0235942 Al




US 2003/0235942 A1l
14(SC)

r-l'fl-.

-' I-I._-._- -:. . I._:_ ‘..“iluli A

- - ra
L]
- 1. lll-| 4 ri.Il r

- -

AT Y L L L L] e imEad =
g pug | apam Pt IR 40 Ly AR

TR TERRE LR b Bl gmup o B0 o jml M b PV e IR L L LI L L
g +AEE N ar W rmEaye ) p= e =i p hak Jubs uW W

A T DL L bt
gy §F I NE AR TEBRLE NE L N1 yom o W) 1 HF jub b RN
g B g e o lond Bapll Bopn uph pmmd & Fr | ®10 pmm gy wamm v oowind TR R B
Amwge] ¢l gl PP wuwd d g Bl fl k1 Ek PR R FRIE KR 1B N FE R LR R ) (% |
syl pma b rEp LN
"EEIREL] e + Pl W
o ym Fmeh o &0 . ¥
.I-l_.l-—_.ij.-l_ltl_l
e bl s pmd T
sy +hiAmrami 'l
ail e g paw wki

aumi vopw Bubo | BE 1™
S e gur k40 REE

e "R .—_.l_.-..lnmI.-....l.- (T THRLE,. L LE

TITH- AL e XX I R 4 mi
T T RL LR o om b el W

mall i W mailiae b0 g mH Al Y]
A& R E aw B mamnm B § TF == +1 sl 2

el ¢ P | pEE all

- P b gues A0 ¢l in 0§
A= pwn rie ek B3 EF TR L TY bl Rl ol b e el e Py s dm | BEEE
mf aF B F FY P R R LR L AL ra IS Wer 1 2 B - a mild W¥ Enks g-+tme i I =¥ m g b bR TFL.EELCELEN  BL L
s g Umy it 1 pou i md kB R X IR 1 as nwnmfl i =i mr gt e el emiom s wamb ¢ 4w Img i Tt e gl FE AR R A AW bl (T &b Rk
u -.-.l_..-__..-l-...l-..n-ll:-il...l.-:..___..._.-..._...-..-li. (]
N ITEFIYITIRIEL "Rl g TR YR EL DR L
ok gl

il Bivd b -mp s @t o |t ™

awu amw V1 pil 9 amppmq g b Ee ey duid ERINW BN wpir g ey 23 TH

b pplml FrETte amy ar pmGERER) st pmE F s pmrws ne nwk @= b AN L semama et pEe me an bOmi nn 10 R PE
A d ap Wb e L LRI el F) DR kEEE wu g AR g ET vmaw b BB AN N1 BB ek U Pyt Ty P
s Pom gk nmmaml Bl g A rarnd snwn B (="

vy gl A Bl Bl ! tmpyd k=
mame s miel o BB AR fpm e AR EF il e b b A v b fam E=xi k

ol b= ra nemBE 4 40 Jumd B EF FEE pyry 1w gms wa b
i hgpw wb Sy k¢ kR R TEX IN] pmd B m By bEE™
-_I.l_.r_-___-_...__I-l._._.-.l..!_._._i._l-_-.-.-.i.._-__.-
(X -.._.-..._l.-_.-_..-.ll-d.-_l'-.-_-l.-l_._ll-_l..-ln.l_
pm Rt fu poia of BB EdN A EEnm ap k4% = #F AR R
T ERLE 1 B Y N T ER L L Fm e
= -l BEA rl gl Rl Pl P eEEm gufp +EEL = AENPF

1
Y YRRl L, F Rl _ R 1 e AT AN L

{ Am g 1wy AR am F1 |

-.Il.._ll.i.l.-..-____-f._.- gued dWd ww v o ki WA PR T=

ey hom k4 B BERE AR R TR p A R - ,mlw

o rimm e A -lrr--iiﬁ.-:-r-lﬁl
"TEELIJERIEE Ll g bl = & mH B

 am e md ud FE B RENNN

1-1.._!!.-._-.1?-

e bumk o ARy W i u=g pp 8
B e Ta g N+ Fs i parh HmE 0 ki I
By Inmiud v FF "ERE R vl H] ®1 0 FE FEE p F1 AR P ppwmmasws w BRFL LN A
dd g b Bl Bald oy ik B By T famp Bl ¥

hrsmm k4 p 04 YR IT I 1Ak TRLE il b
I gk ar +4 gy

rmEm

FE R EE Ll LR wan b d B

pip g o VE BF AN g Fmd R Bl W « tmessmund i1 M FY

e nmmiEdd m ) W b N i 4 B ' PR gmEs N ]
- i [

Ba At Ag p = @ =-r FITE. NI I LT L T I N I
Fal ph =k N e mey e ede H AWL TIL. BRI AR B2 o)
=g -l BB T IR . BEEEL N
Wy ms R EE R mr W B IEI M mil gy I B4 PN
TN, KL -.-_.-.-_.._I..l.__._i_- TR LU L kel
dmd 1R FEeE _.-..__._I-T-_..t.—l..l.- pa-l B V0 mE
-~ | mj o N Ll

ey SR LA
mE 1‘*-: -.-.- N Bk im1 [ |

M1 E: EELEL I L ig B4 uisemi M A J1 i rmbkababed B
ul i d

T YT E Y R Ll R L A Y LT LEL AL L

L] o g wm v ook bl BN TR sl L [
wgk 1adl k=0 -l-.l.rl-l_. LL N LIE L AL L

§ieaa g RiEy EF T pounk amimu Bl W BN

R i
w14 W A pEe PR

ggng 4 ) dm ek u b
amd B0 1mdna koo B T g EE g B 14 ik s - omb ¥R FD Ly o TN

I.I-.. im u Il 4k |0 FHEE TII1I AT . B ok sl b iEE k) # PR REE THE ] _l.—lub.__.-—l.lu IRl LE LI R N TCLIN.
Bl AP d e AEs Tmu Y e s ggap 2 b Puph | Er rFY Ba v =k AR+ rub _Il.-l_-_.._-_-- -l.._lrl_-_l_- __._-..___.rl__
T Ll A INIEE | Fup | e - _l_-_l_._-l__-_.lu.l_l_l-l-.-'.-.llrl.l.-l.l-l_-._.l-.l.l.-._l_._-.rt_l..._ R TSN N | YL
ey @ ran maod Find i @R ywmamy s aw 4 Fh y pe Dol Hak =B mamy | A pmee inme s s kbR ERRA L L adrr Bl g v oaae DAmEEE R
TR BN Lo pu Uy Wi BR M g np rekwmd by o il 1T R T
* hEE ri dr gmf Edday el

Y | 'THLEY Ba b R L
y - . |.__.._-il_..-_.__.-i+'_-_l-.-..ll_.i-_..._-.r._-_l-...-.i.ln
L ee R Am A AR WA IR TE L L LELE L sr i bl e rmind

e dgus Bowms B ol I 0 - o | M |~

'TINLEE B watna bggd BE | R #mm g FEFFoq BEN
ma Fuew bl BF ¥ = =t sypsp! Uk PE-pwwid bt Fmf

T LN L
NIt gy AY P
ot BEN N N B T L b Bl Bl

T "WERE R ._._-__-._f-l.u.-_!li- s =4 ==+ 18 TEPLIAFE L LE LI,
B RuAmEE e pg el e e e —y -_-I.. ammh M b ="

Dec. 25, 2003 Sheet 12 of 15

amil 4+ ITHE = T ILLELE B

o L i
T e

1 Il .‘I'-lﬁ-

|-1-1.-

--------

EREN TR Y o L-_::I:
- (]

‘hi

r- I.‘III

P, nL N
--.1“ - [ | - -d ‘

| ]
- -
- - - -
Pl e i L L

n_.... .m.u.. 4

Patent Application Publication
9
14(SC)
9

“TRLIE.NL 3




Patent Application Publication Dec. 25, 2003 Sheet 13 of 15 US 2003/0235942 A1l

g
J 6
6
4
2
16




Patent Application Publication Dec. 25, 2003 Sheet 14 of 15 US 2003/0235942 Al

‘ASource

14

Drain




Patent Application Publication Dec. 25, 2003 Sheet 15 of 15 US 2003/0235942 Al

MOSFET

__ 116




US 2003/0235942 Al

SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATTIONS

0001] This application is based upon and claims the

benefit of priority from the prior Japanese Patent Application
No. 2002-173649, filed on Jun. 14, 2002, the entire contents
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

10002] The present invention relates to a semiconductor
device, and more particularly, 1t relates to a semiconductor
device which has a lateral type or vertical type field effect
transistor structure, and 1s suitably applied as a device for
high-speed switching or a device for power control.

[0003] As the supply voltage for CPUs decreased, the

power supply with the synchronous rectification system
using a field effect transistor 1s being greater used.

10004] FIG. 19 is a schematic diagram showing the cross-
sectional structure of MOSFET (Metal-oxide-Semiconduc-
tor Field Effect Transistor) used for such a power supply.
Hereafter, a n channel type will be explained. It 1s also
possible to acquire the similar structure about p channel type
by reversing p type and n type for each semiconductor part.

[0005] This MOSFET has the so-called “vertical type”
structure, where n type semiconductor region 104 1s pro-
vided on n™ type substrate 102, and p type base regions 106
are selectively formed on the surface of the n type semi-
conductor region 104. Moreover, n™* type source region 108
1s selectively formed on the surface of the p type base region
106, and a gate oxide film 110 and a gate electrode 112 are
formed on the p type base region 106 and n- type semicon-
ductor region 104 between the n™ type source region 108 and
the neighboring n* source region 108.

[0006] The source electrode 114 is connected to n™ type
source region 108, and the drain electrode 116 1s connected
to the back side of n™ type substrate 102. By applying a bias
voltage to the gate electrode 112, a channel can be formed
on the surface of p™ type base region 106, and a current can
be passed between the source and the drain.

[0007] However, in the semiconductor device illustrated
in FI1G. 19, since the facing area between the gate and the
drain 1s large, and since the gate and the drain have coun-
tered through gate oxide 110, the feedback capacitance
between the gate and the drain 1s large. This feedback
capacitance 1s one of the parameters which 1impede high-
speed operation of the semiconductor device and increase
switching loss. Therefore, 1t 1s desirable to reduce the
feedback capacitance between the gate and the drain.

[0008] On the other hand, narrowing the interval between
p type base regions 106 and 106 may also be considered so
that the facing area between a gate and a drain may be
reduced. However, 1in this case, since the current path
between drain and source 1s constricted, the JFET resistance
RJ corresponding to resistance of this current path becomes
high, and electrical connection loss mcreases.

[0009] As mentioned above, in the conventional MOS-
FET, there was a relation of a trade-off between ON resis-
tance and the feedback capacitance, and there was a problem
that there was a limit 1in reducing high-speed operation,
clectrical connection loss, and switching loss.
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SUMMARY OF THE INVENTION

[0010] According to an embodiment of the invention,
there 1s provided a semiconductor device comprising: a
semiconductor layer of a first conductivity type; a pair of
base regions of a second conductivity type selectively pro-
vided on a surface of the semiconductor layer; source
regions of a first conductivity type, each of the source
regions being selectively provided on a surface of each of
the base regions; an electrical field reducing region of a
second conductivity type selectively provided on the surface
of the semiconductor layer between the pair of the base
regions; a gate 1insulating film provided on the surface of the
base regions; a pair of gate electrodes provided on the gate
insulating film, each of the gate electrodes being provided on
the surface of the base regions between the source region
and the electrical field reducing region; and a source elec-
trode connected to the source regions, the electrical field
reducing region being isolated from both of the gate elec-
trode and the source electrode.

[0011] According to other embodiment of the invention,
there 1s provided a semiconductor device comprising: a
semiconductor layer of a first conductivity type; a plurality
of base regions of a second conductivity type provided on a
surface of the semiconductor layer in a matrix fashion; a
plurality of source regions of a first conductivity type, each
of the source regions being selectively provided on a surface
of each of the base regions; a plurality of electrical field
reducing regions of a second conductivity type, each of the
clectrical field reducing regions being selectively provided
on the surface of the semiconductor layer between the base
regions; a gate 1insulating film provided on the surface of the
base regions; a gate electrode provided on the gate insulating
film, the gate electrode having a lattice pattern in order to
selectively cover the surface of the base regions between
cach of the source regions and each of the electrical field
reducing regions; and a source electrode connected to the
SOUrce regions.

[0012] According to other embodiment of the invention,
there 1s provided a semiconductor device comprising: a
semiconductor layer of a first conductivity type; a pair of
base regions of a second conductivity type provided on a
surface of semiconductor layer; a pair of source regions of
a first conductivity type, each of the source regions being,
selectively provided on a surface of each of the base regions;
an electrical field reducing region of a second conductivity
type selectively provided on the surface of the semiconduc-
tor layer between the base regions; semiconductor regions of
a first conductivity type between the electrical field reducing
region and each of the base regions, the semiconductor
regions having an impurity concentration higher than the
semiconductor layer; a gate insulating film provided on the
surface of the base regions; a pair of gate electrodes pro-
vided on the gate insulating film, each of the gate electrodes
being provided to selectively cover the surface of each of the
base regions between each of the source regions and the
clectrical field reducing region; and a source electrode
connected to the source regions, the electrical field reducing
region being connected to the source electrode and being
1solated from the gate electrode.

[0013] According to other embodiment of the invention,
there 1s provided a semiconductor device comprising: a
semiconductor layer of a first conductivity type; a pair of
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base regions of a second conductivity type provided selec-
fively on a surface of the semiconductor layer; a pair of
source regions of a first conductivity type, each of the source
regions being provided selectively on a surface of each of
the base regions; a metal layer 1n contact with the surface of
the semiconductor layer between the base regions; a gate
insulating film provided on the surface of the base regions;
a gate eclectrode provided on the gate insulating film to
selectively cover the surface of the base regions between
cach of the source regions and the metal layer; and a source
clectrode connected to the source regions, the metal layer
forming a Schottky junction with the semiconductor layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present invention will be understood more
fully from the detailed description given herebelow and
from the accompanying drawings of the embodiments of the
invention. However, the drawings are not intended to 1mply
limitation of the invention to a speciiic embodiment, but are
for explanation and understanding only.

0015]

0016] FIG. 1A 1s a sectional view of the semiconductor
device showing the fundamental concept of the first embodi-
ment of the invention;

In the drawings:

10017] FIG. 1B is a sectional view of the semiconductor
device showing another example of the fundamental concept
of the first embodiment of the invention;

[0018] FIG. 2A is a schematic diagram which illustrates

the superficial arrangement relation of each part in the
surface of the semiconductor layer, and this X-X' line
section corresponds to FI1G. 1A;

10019] FIG. 2B is a schematic diagram which illustrates

the superficial arrangement relation of each part in the
surface of the semiconductor layer, and this X-X' line
section corresponds to FI1G. 1B;

10020] FIG. 3 is a sectional view of the semiconductor
device for explaining the fundamental concept of a second
embodiment of the 1nvention;

10021] FIG. 4 is a sectional view showing the first
example of the semiconductor device of the mvention;

10022] FIG. 5 is a sectional view showing the second
example of the semiconductor device of the mnvention;

10023] FIG. 6 is a sectional view showing the third
example of the semiconductor device of the mnvention;

10024] FIG. 7 is a sectional view showing the fourth
example of the semiconductor device of the mvention;

10025] FIG. 8A is a schematic diagram showing the plane
structure of the fifth example of the semiconductor device of
the 1nvention;

10026] FIG. 8B is a schematic diagram showing the plane
structure of a modification of the fifth example of the
semiconductor device of the invention;

10027] FIG. 8C 1s a schematic diagram showing the plane
structure of another modification of the fifth example of the
semiconductor device of the invention;

10028] FIG. 9A is the X-X' line sectional view of FIG.
SA;
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10029] FIG. 9B is the X-X' line sectional view of FIG.
SB;
[0030] FIG. 9C is the X-X' line sectional view of FIG.
8C,;
[0031] FIG. 10 is a schematic diagram showing the plane

structure of the sixth example of the semiconductor device
of the 1nvention;

10032] FIG. 11 is a schematic diagram showing the plane
structure of the seventh example of the semiconductor
device of the invention;

10033] FIG. 12 is a schematic diagram which illustrates

the cross-sectional structure of the eighth example of the
semiconductor device of the invention;

10034] FIG. 13 is a schematic diagram which illustrates
the cross-sectional structure of the ninth example of the
semiconductor device of the invention;

10035] FIG. 14 is a schematic diagram showing the plane
structure of the tenth example of the semiconductor device
of the 1nvention;

0036] FIG. 15 is the X-X' line sectional view of FIG. 14;
0037] FIG. 16 is the Y-Y' line sectional view of FIG. 14;

0038] FIG. 17 shows the parasitic NPN transistor TRp
which consists of the p type base region 6, the n™ type source

region 8, and the n type epitaxial layer 4 exists in the
conventional MOSFET;

[0039] FIG. 18 shows the inductance L. made into load;
and
10040] FIG. 19 is a schematic diagram showing the cross-

sectional structure of MOSFET (Metal-oxide-Semiconduc-
tor Field Effect Transistor) used for such a power supply.

DETAILED DESCRIPTION

[0041] Referring to drawings, some embodiments of the
present 1nvention will now be described 1n detail.

10042] FIG. 1A is a sectional view of the semiconductor
device showing the fundamental concept of the first embodi-
ment of the invention.

[10043] FIG. 2A is a schematic diagram which illustrates
the superficial arrangement relation of each part in the
surface of that semiconductor layer, and this X-X' line
section corresponds to FI1G. 1A.

10044] In the semiconductor device of this embodiment, a
n type epitaxial layer 4 1s formed on a n™ type semiconductor
substrate 2. On the n type epitaxial layer 4, p type base
regions 6 are formed selectively. A n™ type source region 8
and a p™ type region 9 are formed 1n this p type base region
6. Between adjoining p type base regions 6, the p™ type
electric field relaxation region 20 1s formed at some distance
from the p type base region 6. And 1n the both sides of the
clectric field relaxation region 20, the gate electrodes 12 are
formed through the gate oxide film 10, which reaches the n™
type source region 8.

10045] As for the impurity concentration of each part, the
n* type semiconductor substrate 2 is set to 1x10""-1x10*"
cm™, and the n type epitaxial layer 4 is set to about 1x10'°
cm™ in order obtain the breakdown voltage of about 30 volts
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between the source and the drain, and n type epitacial layer
4 is set to about 3x10'> cm™ in order to obtain the break-
down voltage of about 100 volts.

[0046] The impurity concentration of the p type base
region 6 can be set to 1x10"°-5x10"" cm™, and the impurity
concentrations of the n™ type source region 8 and the p™ type
region 9 can be set to 1x10"°-1x10°° cm™. Furthermore, it
1s desirable to set the impurity concentration of the p™ type
electric field relaxation region 20 to more than 1x10"" cm™>,

as will be explained m detail later.

[0047] The circumference of the gate electrode 12 1is
covered with an 1nsulating layer 13, and the source electrode
14 1s connected to the source region 8. Moreover, the drain
clectrode 16 1s connected to the back side of the n™ type
substrate 2.

[0048] In this embodiment, the p™ type electric field relax-
ation region 20 1s not connected with any of the source, drain
and the gate electrode, and thus the region 20 1s 1n the state
of the so-called “floating”.

10049] According to the structure explained above, by
providing the p™ type electric field relaxation region 20, the
facing arca between the gate and the drain can be made
smaller than the conventional structure shown 1n FIG. 19. If,
in the structure 1llustrated in FI1G. 19, the gate electrode 12
1s simply divided and provided in two parts, 1n the portion
of the gap between these divided parts of the gate electrode,
the effect or depletion to the JFET region (n type epitaxial
layer 4) from the gate will decrease. Therefore, the JFET
region cannot be depleted, and thus, a problem that the
breakdown voltage between the source and the drain falls
arises.

[0050] In contrast to this, instead of making the JFET
region depleted by applying a bias voltage from the gate
clectrode 12, the p™ type electric field relaxation region 20
1s provided according to the embodiment, and depletion to
the JFET region from the electric field relaxation region 20
can be promoted by the function of the p-n junction. By
employing such a structure, the breakdown voltage between
the source and the drain can be increased, and the capaci-
tance between the gate and the drain can be reduced.

|0051] Furthermore, by making the electric field relax-
ation region 20 mnto the state of “floating”, the effect that ON
resistance can be lowered 1s acquired, as will be explained
below.

[0052] That is, if the junction depth of the electric field
relaxation region 20 1s deep, current concentrates between
the electric field relaxation region 20 and the p type base
regions 6, and non-negligible resistance may arise 1n these
regions. If the electric field relaxation region 20 and the
source electrode 14 are made into the same potential, the
regions between the electric field relaxation region 20 and
the p type base regions 6 can easily be depleted. If voltage
1s applied to the drain electrode 16 1n the state of ON, the
cross-section area of the current path in the regions between
the electric field relaxation region 20 and the p type base
regions 6 will be decreased by the depletion layers extending
from the electric field relaxation region 20 and the p type
base regions 6 respectively. Therefore, the ON resistance
Increases.

[0053] In contrast to this, when the electric field relaxation
region 20 1s made mto “floating” state, the potential of the
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clectric field relaxation region 20 i1s determined by the
overlap capacitance (oxide film capacitance) between the
cgate electrode and the electric field relaxation region 20, and
by the junction capacitance between the electric field relax-
ation region 20 and the JFET region.

[0054] Compared with the case where the source electrode
14 and the electric field relaxation region 20 are made 1nto
the same potential, the potential of the electric field relax-
ation region 20 1s dragged by the potential of the gate
electrode 1n an ON state, and becomes higher compared with
the potential of the source electrode 14, and depletion from
the electric field relaxation region 20 becomes weaker.
Therefore, reduction of the cross-section area of the current
path 1n the regions between the electric field relaxation
region 20 and the p type base regions 6 can be suppressed,
and the effect that ON resistance becomes smaller 1s
acquired.

[0055] In this structure, the junction depth of the electric
field relaxation region 20 may preferably be shallower
compared with the junction depth of the p type base regions
6. It 1s because influence of the resistance in the regions
between the electric field relaxation region 20 and the p type
base regions 6 can be made smaller 1f this junction depth
becomes shallow enough. In order to prevent the 1increase of
ON resistance, the junction depth of the electric field relax-
ation region 20 1s preferably below smaller than half of the
junction depth of the p type base regions 6. For example,
when the junction depth of the p type base regions 6 1s made
into about one micrometer, as for the junction depth of the
clectric field relaxation region 20, it 1s desirable to make 1t
0.5 micrometers or less.

[0056] Moreover, as for the electric field relaxation region
20, 1t 1s desirable to set the 1mpurity concentration thereof so
that 1t may not be depleted completely at the time of
operation of the device. In order to prevent the complete
depletion, it 1s desirable to make the net dose amount of the
electric field relaxation region 20 more than 4x10™* cm™2,

and to make the impurity concentration thereotf more than
1x10 cm™.

[0057] FIG. 1B is a sectional view of the semiconductor
device showing another example of the fundamental concept
of the first embodiment of the invention.

[0058] And FIG. 2B is a schematic diagram which illus-

trates the superficial arrangement relation of each part 1n the
surface of the semiconductor layer, and this X-X' line
section corresponds to FI1G. 1B.

[0059] As shown in these figures, the gate electrode 12
may be formed in one body covering the electric field
relaxation region 12. By forming the gate electrode 12 in
such a broader stripe form, the wiring resistance of the gate
clectrode can be advantageously reduced.

[0060] KIG. 3 is a sectional view of the semiconductor
device for explaining the fundamental concept of a second
embodiment of the invention. The same symbols are given
to the same elements as what were mentioned above about

FIGS. 1A through 2B about this figure, and detailed expla-
nation will be omitted.

[0061] Also in this embodiment, the p™ type electric field
relaxation region 20 1s provided. By employing such a
structure, the breakdown voltage between the source and the
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drain can be increased, and the capacitance between the gate
and the drain can be reduced. In this embodiment, further,
the electric field relaxation region 20 1s connected to the
source electrode 14 or the p type base region 6 via the
connection path 24 i order to make the electric field
relaxation region 20 at the same potential. By employing
such a structure, depletion to the JFET region from the
electric field relaxation region 20 can be promoted.

[0062] As the result, impurity concentration of a JFET
region can be made higher, and when the junction depth of
the electric field relaxation region 20 is shallow enough, ON
resistance can be lowered. That 1s, depletion of the JFET
region 1s promoted by providing the connection path 24 and
by controlling the potential of the electric field relaxation
region 20. Since the depletion 1s promoted, impurity con-
centration of the JFET region can be made higher. With
regard to the connection path 24 of this embodiment, various
kinds of characteristic structures can be mentioned, as will
be explained in full detail later.

[0063] Although the semiconductor region which has p
type impurities 1s 1llustrated as the electric field relaxation
region 20 in FIG. 1A through FIG. 3, the invention 1s not
limited to this. For example, the invention also includes the
structure where a Schottky junction formed between a metal
and a semiconductor 1s employed, as will be explained with
reference to FI1G. 6 later. That 1s, 1t 1s also possible to reduce
the capacitance between the gate and the drain similarly by
providing a metal layer on the n type epitaxial layer 4 in
order to form a Schottky junction, and by extending a
depletion region from this junction to the JFET region.

[0064] In the above, the fundamental structures of the
semiconductor device of the mmvention have been explained,
referring to FIG. 1A through FIG. 3. Hereafter, some
examples of the semiconductor device of these first and the
second embodiment will be explained 1n detail. About the
drawings of these examples, the same symbols are given to
the same elements as what were mentioned above, and
detailed explanation will be omatted.

[0065] Moreover, each example explained below shall
contain both features of above-mentioned first and second
embodiment, unless reference 1s especially made. That 1s,
the electric field relaxation region 20 may be 1n a state of
“floating”, or 1t may be at the same potential with the source
region 14, etc. by providing the connection path 24 appro-
priately.

[0066] FIG. 4 is a sectional view showing the first
example of the semiconductor device of the invention. In
this example, a n type diffusion region 26 1s provided so that
the p™ type electric field relaxation region 20 maybe sur-
rounded thereby. The n type diffusion region 26 has impurity
concentration higher than the n type epitaxial layer 4. Since
depletion 1s promoted near the p™ type electric field relax-
ation region 20, then type diffusion region 26 where 1impu-
rity concentration 1s high can be depleted. Theretfore, resis-
tance of the JFET region can be lowered by controlling the
increase 1n the capacitance between the gate and the drain by
providing the n type diffusion region 26 with high impurity
concentration.

[0067] Moreover, in this example, after forming the gate
clectrode 12, the n type diffusion region 26 and the electric
field relaxation region 20 can be formed 1n a self-aligning
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fashion. That is, the p™ type electric field relaxation region
20 and the n type diffusion region 26 with high 1mpurity
concentration can be formed by using the gate electrode 12
as a mask and by introducing the n type impurities deeply
while introducing the p type impurities shallowly by the
methods such as 1on 1mplantation.

[0068] FIG. 5 is a sectional view showing the second
example of the semiconductor device of the invention. In
this example, a polycrystalline silicon layer 26 containing p
type impurities 1s provided on the semiconductor layer. And
p type impurities have diffused near the surface of the n type
epitaxial layer 4 from the polycrystalline silicon layer 28 in
order to form the p™ type electric field relaxation region 20.

[0069] Like the first embodiment, the polycrystalline sili-
con layer 2a may be 1n a floating state, or may have the same
potential as the source electrode 14 like the second embodi-
ment.

[0070] FIG. 6 is a sectional view showing the third
example of the semiconductor device of the invention. In
this example, a metal layer 30 1s provided on the semicon-
ductor layer. And the depletion region formed by the Schot-
tky junction of the metal and the semiconductor 1s provided
so that 1t may extend to the JFET region. That 1s, the effect
of depletion by the Schottky junction i1s used instead of
providing the p™ type electric field relaxation region 20. By
employing such a structure, the capacitance between the gate
and the drain can be reduced.

[0071] And also in this example, like the first embodiment,

the metal layer 30 may be 1n a floating state, or may have the
same potential as the source electrode 14 like the second
embodiment.

10072] FIG. 7 is a sectional view showing the fourth
example of the semiconductor device of the invention. This
example 1s similar to the first example mentioned above, and
the n type diffusion layer 32 is provided under the p™ type
clectric field relaxation region 20. The n type diffusion layer
32 has impurity concentration higher than the n type epi-
taxial layer 4, and can reduce resistance of the JFET region.
And sice the depletion 1s promoted near the electric field
relaxation region 20 also 1n this example, even if the n type
diffusion layer 32 1s provided, depletion of the JFET region
can be achieved to some extent.

[0073] FIG. 8A is a schematic diagram showing the plane
structure of the fifth example of the semiconductor device of
the mvention. That 1s, this figure expresses the superficial
arrangement relation of each element seen from the surface
side of the semiconductor layer.

[0074] And, FIG. 9A is the X-X' line sectional view of
FIG. 8A.

[0075] Under the environment of high-speed operation,
the gate resistance also exerts a big influence besides the
capacitance between the gate and the drain. The gate resis-
tance can be reduced by transforming the pattern of the
shape of a simple stripe which was 1llustrated 1n FIGS. 2A

and 2B, into the shape as shown 1n FIG. SA.

[0076] That is, in the case of this example, the p* type
electric field relaxation region 20 is provided in the shape of
some 1slands, as illustrated in FIG. 8A. And the gate
clectrode 12 has a shape of a “ladder”, where a pair of
vertical stripes are connected by the horizontal bars 1n
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corresponding to the pattern of the electric field relaxation
region 20. Thus, by appropriately connecting a pair of
vertical stripes to form the ladder structure, the wiring,
resistance of the gate electrode 12 can be reduced and the
gate resistance can be lowered.

[0077] Furthermore, in the case of this example, the p*
type electric field relaxation region 20 1s not made into
floating, but connected by providing the terminal area 6P
from the p type base region 6 and made into the same
potential. Thus, depletion can be promoted by making the
clectric field relaxation region 20 into the same potential as
the p type base region 6.

0078] In addition, in this example, the electric field
relaxation region 20 may be short circuited with the source
clectrode 14, however 1t 1s necessary to provide the electri-
cally conductive material as the connection path 24 1n
somewhere 1n that case. Then, the process margin of the
connection path 24 and the gate electrode 12 must be kept,
and there may be a demerit that the element areca may
increase. In contrast to this, according to the structure of this
example, the potential of the electric field relaxation region
20 1s controlled, and depletion can be promoted without
increasing element area.

[0079] In addition, as an example of transformation of this
example, the structure where the electric field relaxation
region 20 1s 1 a floating state without being connected with
the p type base region 6 1s also included by the range of the
invention.

[0080] FIG. 8B is a schematic diagram showing the plane
structure of a modification of the fifth example of the
semiconductor device of the mvention.

[0081] And FIG. 9B i1s the X-X' line sectional view of
FIG. 8B.

[0082] Inthis modification, the gate electrode 12 is formed
in one body like the example shown 1n FIGS. 1B and 2B.
The electric field relaxation region 20 1s formed 1n a single
stripe pattern and 1s covered by the gate electrode 12. By
forming the gate electrode 12 1n such a broad single stripe
form, the wiring resistance of the gate electrode 12 can be
advantageously reduced.

[0083] FIG. 8C is a schematic diagram showing the plane
structure of another modification of the fifth example of the
semiconductor device of the mvention.

10084] And FIG. 9C is the X-X' line sectional view of
FIG. 8C.

[0085] In this modification, the gate electrode 12 is also
formed 1n one body like the first modification shown in
FIGS. 8B and 9B. Further, the electric field relaxation
region 20 1s formed 1 a single stripe pattern and has
terminal areas 20 1s extending to the base regions 6. That is,
instead of providing the terminal areas 6P as shown in FIGS.
8B and 9B, the terminal areas 20P are provided 1n order to
connect the electric field relaxation region 20 to the base
regions 6. Thus, the electric field relaxation region 20 can be
successtully kept at the same potential as the p type base
regions 6.

[0086] FIG. 10 is a schematic diagram showing the plane
structure of the sixth example of the semiconductor device
of the invention. That 1s, this figure also expresses the
superficial arrangement relation of each element in the
surface of the semiconductor layer.
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[0087] Channel density must be made high in order to
reduce channel resistance of FET. The channel density can
be increased by forming the base region 6 1n the shape of a
matrix and arranging the gate electrode 12 1n the shape of a
lattice corresponding to this, as 1llustrated i FIG. 10.

[0088] And also in this example, the electric field relax-

ation regions 20 are provided between the gate electrodes 12
so that the capacitance between gate and drain may be
reduced.

[0089] FIG. 11 is a schematic diagram showing the plane
structure of the seventh example of the semiconductor
device of the invention. That 1s, this figure also expresses the
superficial arrangement relation of each element in the
surface of the semiconductor layer.

[0090] Also in this example, channel density can be
increased by arranging the gate electrode 12 1n the shape of
a lattice. However, 1n such a lattice-like layout, the electric
field may concentrate at the region (region near the center of
the figure) surrounded by the portion of the angles of the
four n™ type source regions 8. This 1s because the mterval of

the p type base -region 6 and the p type base region 6
becomes wide, as seen 1n the direction of the diagonal.

[0091] Then, in order to reduce the electric field, the p type
base region 6C 1s formed in the center surrounded by the
four source regions 8. By employing such a structure, points
on which the electric field concentrates can be removed and
the breakdown voltage between the source and the drain can
be 1mproved.

[10092] FIG. 12 is a schematic diagram which illustrates
the cross-sectional structure of the eighth example of the
semiconductor device of the invention. That 1s, this example
has a structure of so-called “lateral type” FET, where n™ type
region 34 1s provided on the surface of the n type epitaxial
layer 4 and the drain electrode 16 1s connected to the surface
side. In the case of this structure, as indicated by the arrow
D, many components of drain current flow through the n
type epitaxial layer 4.

[0093] Also in such lateral type structures, the same effects
as what were mentioned above with reference to FI1G. 1A
through F1G. 11 can be acquired. Since there are many drain
current components which flow through the n type epitaxial
layer 4 having a low 1mpurity concentration in the case of
this example, although a current 1s lowered, it 1s advanta-
ogeous at the point that the element size can make smaller.

10094] FIG. 13 is a schematic diagram which illustrates
the cross-sectional structure of the ninth example of the
semiconductor device of the mnvention. That 1s, this example
is also the so-called “lateral type” FET, where the n™ type
region 36 which penetrates the n type epitaxial layer 4 and
reaches the n™ layer 2 is provided, and the drain electrode 16
1s connected to the surface side. In the case of this structure,
the drain current flows to n™ type region 36 through the n™
type layer 2.

[0095] Also in such width type structure, the same effects
as what were mentioned above with reference to FI1G. 1A
through FIG. 11 can be acquired. Moreover, in the case of
this example, it 1s advantageous at the point that the drain
current can be 1ncreased.
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10096] FIG. 14 is a schematic diagram showing the plane
structure of the tenth example of the semiconductor device
of the invention. That 1s, this figure expresses the superficial
arrangement relation of each element in the surface or the
semiconductor layer.

0097] FIG. 15 1s its X-X' line sectional view.

0098] Furthermore, FIG. 16 is its Y-Y' line sectional
view. F1G. 16 expresses the cross-sectional structure of the
region shown m FIG. 14, and the region of the left-hand side
which adjoined the region, as will be mentioned later.

[0099] According to the example shown in FIG. 14
through FIG. 16, the amount of avalanche breakdown

voltage can be 1mproved. Hereafter, this point will be
explained, referring to FIGS. 17 and 18.

[0100] As expressed in FIG. 17, the parasitic NPN tran-
sistor TRp which consists of the p type base region 6, the n™
type source region 8, and the n type epitaxial layer 4 exists
in the conventional MOSFET. Here, if MOSFET 1s changed
into an OFF state from an ON state by making the induc-
tance L 1nto load as expressed 1mn FIG. 18, the back elec-
tromotive force of the inductance L will be applied between
the drain and the source.

10101] Then, depending on the voltage level, an avalanche
breakdown of the diode between the drain and the source
may occur. Pairs of an electron and a hole 1s generated by the
avalanche breakdown, and the electrons flow to the drain
electrode 16 but the holes flow to the source electrode 14
through the p type base region 6.

10102] Then the base and the emitter of the parasitic NPN

transistor TRp are biased mn a forward direction because
current flows to the resistance component R of the p type
base region 6, and the parasitic transistor will be 1n an ON
state.

[0103] When the parasitic NPN transistor TRp turns on
only 1n a part of the element, current concentrates 1n that part
and finally a physical destruction will occur.

10104] In contrast to this, the avalanche breakdown is
made to cause under the p™ type electric field relaxation
region 20 1n this example.

[0105] That is, as expressed in FIGS. 14 and 15, in this
example, the p™ type electric field relaxation region 20 is
substantially formed 1n the shape of a stripe, and the p type
base region 6 1s connected to 1t 1n the terminal arca 6P.
Moreover, 1n the course from the terminal area 6P to the
source electrode contact SC, the n™ type source region 8 is
removed.

10106] With such structure, the hole current flows into the
source electrode 14 through the p type base region 6 from
the p™ type electric field relaxation region 20, as shown with
the arrow. If there 1s provided the n™ source region 8, the
parasitic NPN transistor TRp will be formed. However, the
n” type source region 8 is not formed in the region where the
clectric field relaxation region 20 and the p type base region
6 are connected 1n this example.

[0107] As the result, on the course of the hole current, a
simple diode 1s only formed and the parasitic NPN transistor
1s not formed. Therefore, the problem that the parasitic NPN
turns on and current concentrates can be avoided. That 1s, the
amount of avalanche breakdown of FET 1s improved.
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[0108] Here, it is desirable to reduce the resistance of the
terminal area 6P which connect the p* type electric field
relaxation region 20 and the p type base region 6 so that the
hole current become easy to flow. Moreover, 1t 1s desirable
to make width of the terminal area 6P wide.

[0109] However, if such modifications are employed, the
ON resistance of the semiconductor device goes up, since
the JFET region will become narrowed.

[0110] Therefore, in order to suppress the increase of the
ON resistance, as expressed to FIG. 14, only some parts of
the device instead of the whole device are made into the
structure where the amount of avalanche breakdown
becomes high, and other parts of the device are made 1nto the
usual structure. Then, it 1s possible to reconcile the amount
avalanche breakdown and ON resistance.

[0111] The structure expressed in FIG. 16 is a sectional
view showing one of the concrete measures which can lower
the breakdown voltages 1n only a part of the semiconductor
device. That 1s, 1in this figure, when FETs on both sides are
compared, the length L2 of the electric field relaxation
region 20 on the right 1s made longer than the length L1 of
the electric field relaxation region 20 on the left.

[0112] Thus, if the electric field relaxation region 20 is
made longer, the JFET region becomes harder to be depleted

and the breakdown voltage between the source and the drain
of the FET can be lowered.

[0113] Therefore, it becomes possible to lower the break-
down voltage of only a part by providing appropriately a part
where the length of the electric field relaxation region 1s
made longer in the semiconductor device.

|0114] Heretofore, the embodiments of the present inven-
tion have been explained, referring to the examples. How-
ever, the present invention 1s not limited to these speciiic
examples

[0115] For example, the same effect can be acquired also
about the structure where the conduction type of each part of
the semiconductor which constitutes FET 1s reversed.

[0116] While the present invention has been disclosed in
terms of the embodiment in order to facilitate better under-
standing thereof, 1t should be appreciated that the mnvention
can be embodied 1n various ways without departing from the
principle of the invention. Therefore, the invention should
be understood to include all possible embodiments and
modification to the shown embodiments which can be
embodied without departing from the principle of the 1nven-
tion as set forth 1n the appended claims.

What 1s claimed 1s:
1. A semiconductor device comprising:

a semiconductor layer of a first conductivity type;

a pair ol base regions of a second conductivity type
selectively provided on a surface of the semiconductor
layer;

source regions ol a first conductivity type, each of the
source regions being selectively provided on a surface
or each of the base regions;
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an electrical field reducing region of a second conductiv-
ity type selectively provided on the surface of the
semiconductor layer between the pair of the base
regions;

a gate msulating film provided on the surface of the base
regions;

a pair of gate electrodes provided on the gate insulating
film, each of the gate electrodes being provided on the
surface of the base regions between the source region
and the electrical field reducing region; and

a source electrode connected to the source regions,

the electrical field reducing region being isolated from
both of the gate electrode and the source electrode.

2. The semiconductor device according to claim 1,
wherein the base region has a terminal arca extending
toward the electrical field reducing region, and,

the electrical field reducing region 1s connected to the
base region at the terminal area.

3. The semiconductor device according to claim 2,
wherein the source region 1s selectively removed 1n a current
path from the terminal area to the source electrode.

4. The semiconductor device according to claim 1,
wherein the pair of the gate electrodes are formed 1n a pair
of substantially parallel stripes, and

the gate electrodes of the pair of stripes are connected to
cach other 1n a shape of a ladder.

5. The semiconductor device according to claim 1, further
comprising a semiconductor region of a first conductivity
type between the electrical field reducing region and the
base regions, the semiconductor region having an impurity
concentration higher than the semiconductor layer.

6. The semiconductor device according to claim 1,
wherein a depth of the electrical field reducing region taken
from the surface of the semiconductor layer is greater than
a depth of the base region taken from the surface of the
semiconductor layer.

7. The semiconductor device according to claim 1, further
comprising a polycrystalline silicon layer including impu-
rities of a second conductivity type 1n contact with a surface
of the electrical field reducing region.

8. A semiconductor device comprising:
a semiconductor layer of a first conductivity type;

a plurality of base regions of a second conductivity type
provided on a surface of the semiconductor layer 1n a
matrix fashion;

a plurality of source regions of a first conductivity type,
cach of the source regions being selectively provided
on a surface of each of the base regions;

a plurality of electrical field reducing regions of a second
conductivity type, each of the electrical field reducing
regions being selectively provided on the surface of the
semiconductor layer between the base regions;

a gate msulating film provided on the surface of the base
regions;
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a gate electrode provided on the gate 1nsulating film, the
cgate electrode having a lattice pattern 1 order to
selectively cover the surface of the base regions
between each of the source regions and each of the
clectrical field reducing regions; and

a source electrode connected to the source regions.

9. The semiconductor device according to claim 8,
wherein the electrical field reducing region which 1s located
at a center of four adjoining base regions 1s surrounded by
a semiconductor region of a second conductivity type.

10. The semiconductor device according to claim 8,
wherein the electrical field reducing regions are connected to
the source electrode.

11. The semiconductor device according to claim 8§,
further comprising semiconductor regions of a first conduc-
fivity type between each of the electrical field reducing
regions and each of the base regions, the semiconductor
regions having an impurity concentration higher than the
semiconductor layer.

12. The semiconductor device according to claim 8,
wherein a depth of the electrical field reducing regions taken
from the surface of the semiconductor layer is greater than
a depth of the base regions taken from the surface of the
semiconductor layer.

13. The semiconductor device according to claim 8,
further comprising polycrystalline silicon layers including
impurities of a second conductivity type, each of the poly-
crystalline silicon layers being 1n contact with a surface each
of the electrical field reducing regions.

14. A semiconductor device comprising:

a semiconductor layer of a first conductivity type;

a pair ol base regions of a second conductivity type
provided on a surface of the semiconductor layer;

a pair of source regions of a first conductivity type, each
of the source regions being selectively provided on a
surface of each of the base regions;

an eclectrical field reducing region of a second conductiv-
ity type selectively provided on the surface of the
semiconductor layer between the base regions;

semiconductor regions of a first conductivity type
between the electrical field reducing region and each of
the base regions, the semiconductor regions having an
impurity concentration higher than the semiconductor
layer;

a gate msulating film provided on the surface of the base
regions;

a pair of gate electrodes provided on the gate msulating
film, each of the gate electrodes being provided to
selectively cover the surface of each of the base regions
between each of the source regions and the electrical
field reducing region; and

a source electrode connected to the source regions,

the electrical field reducing region being connected to the
source electrode and being 1solated from the gate
electrode.

15. The semiconductor device according to claim 14,
wherein a depth of the electrical field reducing region taken
from the surface of the semiconductor layer is greater than
a depth of the base regions taken from the surface of the
semiconductor layer.
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16. The semiconductor device according to claim 14,
further comprising a polycrystalline silicon layer imncluding
impurities of a second conductivity type, the polycrystalline
silicon layer being 1n contact with a surface of the electrical
field reducing region.

17. The semiconductor device according to claim 16,
wherein the electrical field reducing region 1s made by
diffusing the impurities of the second conductivity type from
the polycrystalline silicon layer.

18. A semiconductor device comprising;:
a semiconductor layer of a first conductivity type;

a pair of base regions of a second conductivity type
provided selectively on a surface of the semiconductor
layer;

a pair of source regions of a first conductivity type, each
of the source regions being provided selectively on a
surface of each of the base regions;
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a metal layer 1n contact with the surface of the semicon-
ductor layer between the base regions;

a gate msulating film provided on the surface of the base
regions;

a gate electrode provided on the gate insulating film to

selectively cover the surface of the base regions
between each of the source regions and the metal layer;
and

a source electrode connected to the source regions, the
metal layer forming a Schottky junction with the semi-
conductor layer.

19. The semiconductor device according to claim 18,

wherein the metal layer 1s 1solated from the gate electrode
and the source electrode.

20. The semiconductor device according to claim 18,
wherein the metal layer 1s connected to the source electrode.

x x * x x
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